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(57) ABSTRACT

A mitride semiconductor device includes a semiconductor
substrate; a first nitride semiconductor layer provided on the
semiconductor substrate; a mask layer having opening por-
tions, provided on the first nitride semiconductor layer; a
second nitride semiconductor layer selectively grown on the
mask layer laterally from the opening portions; and a semi-
conductor lamination portion formed by laminating nitride
semiconductor layers so as to form a semiconductor element
on the second nitride semiconductor layer. The substrate may
be made of a zinc-based compound, the first nitride semicon-
ductor layer may be provided on, and in contact with, the

substrate, and at least a substrate side of the first nitride

semiconductor layer may be made of AlGa; N
(0.05=y=0.2). Additionally, the semiconductor element
may be a light emitting layer in which case the mask layer
may include a metal film provided on the first nitride semi-

conductor layer and an 1nsulating film provided on the metal
f1lm.
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NITRIDE SEMICONDUCTOR DEVICE
HAVING A ZINC-BASED SUBSTRATE

FIELD OF THE INVENTION

The present mvention relates to a semiconductor device
using nitride semiconductor crystal layers, such as a semi-
conductor light emitting device like a light emitting diode
(LED), a laser diode (LLD) or the like, or a transistor device
like a HEMT or the like, using nitride semiconductor. More
particularly, the present invention relates to a nitride semi-
conductor light emitting device with excellent crystallinity
and high external quantum efficiency even when light emitted
in a light emitting layer 1s absorbed by using an electric
conductive semiconductor substrate, and relates to a nitride
semiconductor device in which nitride semiconductor layers
with excellent crystallinity are grown by using an electric
conductive ZnO based compound for a substrate, and by
preventing a surface of a substrate from being roughened by
ctching the substrate with a raw material of group V element
for growing the nitride semiconductor layers, while using a
MOCVD (metal organic chemical vapor deposition) method
which makes mass production easy.

BACKGROUND OF THE INVENTION

In recent years, nitride semiconductor light emitting
devices such as a blue light emitting diode (LED), a laser
diode (D) or the like, using nitride semiconductor, have been
in practical use. As shown, for example, in FI1G. 9(a), the LED
emitting blue light using nitride semiconductor 1s formed by
laminating, a low temperature builer layer 32 made of GaN or
the like, and a semiconductor lamination portion 56 which
includes an n-type layer 33 made of GaN or the like, an active
layer (light emitting layer) 54 made of, for example, InGaN
based (which means that a ratio of In to Ga can be varied
variously and the same applies hereinafter) compound semi-
conductor which has a smaller band gap energy than that of
the n-type layer 33 and decides a wavelength of ematted light,
and a p-type layer 55 made of GaN or the like on a sapphire
substrate 31 by the MOCVD method. And a p-side electrode
58 1s provided on a surface thereof interposing a light trans-
mitting conductive layer 57 and an n-side electrode 59 1s
provided on a surface of the n-type layer 53 exposed by
ctching a part of the semiconductor lamination portion 56. In
this case, a semiconductor layer having still larger band gap
energy such as an AlGaN based (which means that a ratio of
Al to Ga can be varied variously and the same applies here-
inafter) compound or the like may be used on the active layer
side of the n-type layer 53 and the p-type layer 55 1n order to
increase an effect of carrer confinement (cf. for example
PATENT DOCUMENT 1).

However, since an electrode can not be formed directly on
the substrate because the sapphire substrate 51 1s an msulat-
ing substrate, 1t 1s necessary, as described above, to form a
mesa structure by a process such as etching a part of the
semiconductor lamination portion 56 or the like, then a ver-
tical type device 1n which a pair of electrodes 1s formed on
both sides of a chip can not be obtained. In addition, since
lattice constants of sapphire and nitride semiconductor mate-
rials are very different from each other, dislocation density
increases by lattice mismatching, a semiconductor device
with high quality can be hardly obtained. Furthermore, ther-
mal conductivity of the sapphire substrate 51 1s lower com-
paring with a substrate made of GaAs, GaP, S1 or the like
which 1s conventionally used for a conductive substrate of a
red or infrared semiconductor light emitting device, or a SiC
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substrate or the like which 1s used for a blue semiconductor
light emitting device. Then, there 1s suggested an 1dea of a

structure 1n which a nitride semiconductor light emitting
device 1s formed by using such semiconductor substrates 1n
place of the sapphire substrate.

More concretely, as shown 1n FIG. 9(b), the nitride semi-
conductor light emitting device 1s formed by laminating a
butifer layer 62 made of AlGaN based compound or the like,
and a semiconductor lamination portion 66 formed by lami-
nating an n-type layer 63, an active layer (light emitting layer)
64, and a p-type layer 65, on a S1 substrate 61 by a MOCVD
method, and by providing a p-side electrode 68 on a surface
thereol interposing a light transmitting conductive layer 67,
and an n-side electrode 69 directly on a back surface of the Si
substrate 61.

PATENT DOCUMENT 1: Japanese Patent Application Laid-
pen No. H10-173222 (ci. FIG. 1)

DISCLOSURE OF THE INVENTION

Problem to be Solved by the Present Invention

As described above, by forming a nitride semiconductor
light emitting device directly on the substrate made of GaAs,
GaP, S1, S1C or the like 1n place of sapphire, a vertical type
device 1n which a pair of electrodes 1s formed on both sides of
a chip can be produced, and light emitting efficiency under a
high temperature and high output can be improved because
the substrate has a thermal conductivity higher than that of the
sapphire substrate.

However, since a wavelength of light emitted by a nitride
semiconductor light emitting device 1s 1n a range from yellow
to ultraviolet light, when light emaitted in the light emitting
layer of the semiconductor lamination portion travels to a
direction of the substrate and reaches the substrate, if the
above-described substrate 1s used, the light 1s absorbed at the
substrate, and there arises a problem such that a light emitting
device with high efficiency of taking out light can not be
formed. In addition, if a substrate made of the above-de-
scribed materials 1s used, because difference of a lattice con-
stant between the substrate and those of nitride semiconduc-
tor layers laminated thereon 1s large, a dislocation density in
the mtride semiconductor layers on the substrate 1s high, then,
there also arises a problem such that an efficiency of light
emitting can not be improved.

On the other hand, there 1s an 1dea such that absorption of
light at the substrate 1s prevented by using a silicide substrate
which 1s formed by vapor deposition of W or the like, for
example on a S1 substrate. However, even 1n such case, since
a retlection coellicient at a silicide portion 1s not so high, light
transmits to the substrate side, and light 1s absorbed at the
substrate after all, then efficiency of taking out light can not be
enhanced. In addition, even 1f the substrate made of silicide 1s
formed by using W, since the substrate reacts with ammonia
gas which 1s a raw matenial for a GaN based compound
laminated thereon, at the time of MOCVD growth, and an
impurity layer 1s formed at an interface between the silicide
and an AlGaN based compound layer, crystallinity of a light
emitting layer laminated thereon deteriorates, the efliciency
of taking out light 1s lowered.

Then, a structure using a ZnO substrate which can be
formed so as to have a lattice constant similar to that of a
nitride semiconductor material and electric conductivity may
be suggested 1 place of using a sapphire substrate. However,
when 1t 1s intended to use a ZnO substrate and grow a nitride
semiconductor lamination portion thereon by using a
MOCVD apparatus, the nitride semiconductor lamination
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portion 1s usually grown at a high temperature of, concretely,
1,000° C. or more by using an organic metal for a raw material

of group III element and ammoma gas for a raw material of
group V element. However, the ammonia gas has a function of
etching a surface of the ZnO substrate under a high tempera-
ture condition, theretore the surface of the ZnO substrate 1s
roughened by the ammonia gas just before growing the nitride
semiconductor lamination portion on the ZnQO substrate, and
there occasionally occurs deterioration of crystallinity of the
nitride semiconductor lamination portion grown thereon, or
f1lm separation between the nitride semiconductor lamination
portion and the substrate. On the other hand, 1n order to inhibit
the above described problem, there 1s an 1dea such that the
nitride semiconductor lamination portion i1s formed at an
extremely low temperature of, concretely, 600° C. or less for
preventing the surface from being roughened, however, in a
low temperature growth, since crystal axes are not orientated
in the same direction and crystallinity deteriorates, crystal
defects are generated in the mitride semiconductor lamination
portion and light emitted 1n a light emitting layer 1s absorbed,
and also since an invasion rate of impurities nto films
increases, electric resistances of the films grown become
high. In such manner, if the nitride semiconductor lamination
portion 1s grown on a ZnQO substrate by the MOCVD method,
nitride semiconductor layers with excellent quality can not be
obtained 1n both cases of a high temperature and a low tem-
perature.

The present mvention 1s directed to solve the above-de-
scribed problems and an object of the present invention 1s to
provide a nitride semiconductor device with low leakage
current and high characteristics in which, while a zinc oxide
based compound such as Mg _Zn,_ O (0=x=0.5)1sused fora
substrate, crystallinity of nitride semiconductor grown
thereon by a MOCVD method which 1s superior in mass
production 1s improved and film separation and cracks are
prevented.

Another object of the present invention 1s to provide a
nitride semiconductor light emitting device having high lumi-
nous elliciency, by using a semiconductor substrate enable to
produce a vertical type device in which a pair of electrodes 1s
formed on both sides of a chip, enable to prevent light absorp-
tion by the substrate while maintaiming high thermal conduc-
tivity, and also enable to reduce dislocation density of a
nitride semiconductor layer grown on the substrate.

Still another object of the present invention 1s to provide a
semiconductor light emitting device such as a LED, a LD or
the like having a structure capable of improving light emitting,
characteristics such as external quantum efficiency by lami-
nating nmitride semiconductor layers while using a zinc oxide
based compound such as Mg _Zn,_ O (0=x=0.5) for a sub-
strate.

Means for Solving the Problem

The present inventor studied earnestly and repeatedly for
growing nitride semiconductor layers on a ZnO based com-
pound substrate by a MOCVD method, and, as a result, found
together with other inventors and disclosed imn PATENT
APPLICATION NO. 2005-305596 that by carrying out con-
trolling a temperature during growth, controlling a ratio of
flow rates of raw gasses for growth, specilying a principal
plane of the ZnO based compound substrate on which the
nitride semiconductor layers are grown, growing an AlGaN
based compound layer containing Al on a surface of the
substrate, or the like, the nitride semiconductor layers can be
grown without roughening the surface of the ZnO based com-
pound substrate so much, and after covering the surface of the
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/n0O based compound substrate with the nitride semiconduc-
tor layers, even 11 a temperature of the substrate 1s raised, the
substrate can be prevented from being roughened by ammo-
nia gas. However, 11 a first nitride semiconductor layer 1s thin,
when a temperature 1s raised to a high temperature of approxi-
mately 1,000° C. for growing a nitride semiconductor layer
with high quality, ammomia gas invades a substrate side, then
the substrate 1s roughened and crystallinity of the first nitride
semiconductor layer deteriorates. In addition, 1f the first
nitride semiconductor layer 1s thick, a period for growing the
first nitride semiconductor layer becomes long depending on
variations of process parameters, thereby the surface 1s occa-
sionally roughened, and also separation from the substrate
occasionally occurs which 1s caused by difference of thermal
expansion between the nitride semiconductor layer and the
/Zn0O based compound substrate.

Then, as a result of further earnest and repeated studies, the
present mventor found that conditions of forming a first
nitride semiconductor layer firstly provided on a ZnO based
compound substrate are set so that the ZnO based compound
1s not invaded by ammonia gas with the above conditions, the
layer 1s formed with a thin layer of a thickness 1n which the
/n0O based compound substrate 1s not influenced even 11 the
conditions are varied to some extent, and a mask layer 1s
formed thereon which 1s made with a dielectric film having
opening portions, thereby even if a GaN based compound
layer 1s formed at a high temperature thereatter, epitaxial
growth 1s carried out laterally on the mask layer from the
opening portions, and, as a result, a nitride semiconductor
layer with excellent crystallinity can be grown. Namely, since
the dielectric film made of S10, or the like for the mask layer
can be formed at alow temperature, the ZnO based compound
substrate 1s not influenced at all, and whole region except the
opening portions can be covered. And, at the opening por-
tions, the ZnO based compound substrate 1s covered with the
first nitride semiconductor layer, and an area of each of the
opening portions 1s very small, then the ZnO based compound
substrate 1s hardly roughened even when exposed to an atmo-
sphere of ammoma gas at a high temperature of 1,000° C. or
more.

Here, the zinc oxide (ZnO) based compound semiconduc-
tor means an oxide including Zn, and means concretely
besides ZnO, an oxide of one or more elements of group I1A
and Zn, an oxide of one or more elements of group I11B and Zn,
or an oxide of elements of group IIA and group II B and Zn.
And, the nitride semiconductor means a compound of Ga of
group 111 element and N of group V element or a compound
(nitride) 1n which a part or all of Ga of group III element
substituted by other element of group I1I element like Al, In or
the like and/or a part of N of group V element substituted by
other element of group V element like P, As or the like, and 1s
referred to as GaN based compound. In addition, a zinc oxide
based compound, for example Mg 7Zn, O, has a hexagonal
crystal structure as 1ts schematic perspective view 1s shown in
FIG. §, a C plane 1s a (0001) plane of a Zn polarity plane and
a (000-1) plane of an O polarity plane, as shown 1n FIG. 5, and
any of them is a plane orthogonal to an A plane {11-20} and
an M plane {10-10}. In addition, (000-1), (11-20), (10-10),
{11-20} and {10-10} mean strictly

(0001), (1120), (1010), {1120} and {1010},

however, an abbreviated notation 1s used as described
above in convenience. In addition, for example, a {11-20}
plane means a general term meamng including planes equiva-
lent to a (11-20) plane by symmetricity of crystals.

A nitride semiconductor device according to the present
invention includes: a substrate made of a zinc oxide based
compound; a first nitride semiconductor layer provided on the
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substrate; a mask layer having opening portions, provided on
the first nitride semiconductor layer; a second nitride semi-

conductor layer selectively grown on the mask layer laterally
from the opening portions; and a semiconductor lamination
portion formed by laminating nitride semiconductor layers so
as to form a semiconductor element on the second nitride
semiconductor layer.

Concretely, by forming the first nitride semiconductor
layer at a substrate temperature of 600 to 800° C. by a
MOCVD method and with a thickness of 500 to 8,000 Ang-
stroms, the first nitride semiconductor layer with good quality
1s obtained, and since the first nitride semiconductor layer 1s
protected with the mask layer on a surface thereof, the sub-
strate 1s protected to growth at a high temperature and the first
nitride semiconductor layer excellent for seeds can be
exposed at the opening portions.

It 1s preferable that at least a substrate side of the first
nitride semiconductor layer 1s made of Al Ga, N
(0.05=y=0.2), from the viewpoint of preventing more a sur-
face of the ZnO substrate from being roughened, as described
above. Further, it 1s preferable that a principal plane of the
substrate 1s a (0001) plane and Zn polarity plane, also from the
viewpoint of preventing more a surface of the ZnO substrate
from being roughened, as described above.

Concretely, an n-type layer, an active layer and a p-type
layer are laminated on the second nitride semiconductor layer
so as to form a light emitting layer, thereby a semiconductor
light emitting device 1s formed.

Another embodiment of a nitride semiconductor light
emitting device according to the present invention includes: a
semiconductor substrate; a first nitride semiconductor layer
provided on the semiconductor substrate; a mask layer having,
opening portions, provided on the first nitride semiconductor
layer; a second nitride semiconductor layer selectively grown
on the mask layer laterally from the opening portions; and a
semiconductor lamination portion formed by laminating
nitride semiconductor layers so as to form a light emitting
layer on the second mitride semiconductor layer, wherein the
mask layer includes a metal film provided on the first nitride
semiconductor layer and an insulating film provided on the
metal film.

In addition, 1t 1s preferable that the metal film 1s formed
with at least double layer structure of a first metal film pro-
vided on the first nitride semiconductor layer and a second
metal film provided on the first metal film, and the first metal
film 1s made of a metal which has a melting temperature
higher than a growth temperature of the semiconductor lami-
nation portion and the second metal film 1s made of a metal
which reflects light emitted 1n the light emitting layer.

Concretely, the metal film may be used which 1s formed
with the first metal film made of at least one of W, T1 and Pd,
and the second metal film made of at least one of Al, Ag and
Au.

EFFECT OF THE INVENTION

By the nitride semiconductor device according to the
present invention, since the first nitride semiconductor layer
and the mask layer having opening portions are laminated on
the substrate made of a ZnO based compound such as
Mg 7Zn,_ O or the like and the second nitride semiconductor
layer 1s selectively grown on the mask layer laterally from the
opening portions using the first nitride semiconductor layer as
seeds, even 11 the first nitride semiconductor layer 1s thin, the
/n0O based compound substrate 1s covered with the mask
layer made of S10,, or the like, then even 1t the layers are
exposed to an ammonia gas atmosphere of a high temperature
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for growing at high temperature, the substrate can not be
eroded. Furthermore, since, by providing the mask layer, the
first nitride semiconductor layer grown directly on the ZnO
based compound substrate can be formed thin, a period of
being exposed to the ammonia gas atmosphere can be short-
ened, then, as described above, by carrying out controlling a
temperature during growth, controlling a ratio of flow rates of
raw gasses for growth, specilying a principal plane of the ZnO
based compound substrate on which the nitride semiconduc-
tor layers are grown, growing an AlGaN based compound
layer containing Al on a surface of the substrate, or the like,
the substrate 1s prevented from being roughened perfectly and
the first nitride semiconductor layer with excellent crystallin-
ity can be grown.

As a result, even 11 the substrate 1s exposed to an ammonia
atmosphere at a high temperature of 1,000° C. or more 1n
order to grow the second nitride semiconductor layer with
excellent crystallinity, since the substrate 1s never eroded,
and, additionally the second nitride semiconductor layer can
be grown laterally on the mask layer using the first nitride
semiconductor layer with excellent crystallinity as seeds, the
second nitride semiconductor layer 1s also formed 1n a semi-
conductor layer with excellent crystallinity, and, furthermore,
the nitride semiconductor layers further laminated thereon
can be also formed with very excellent crystallinity. As a
result, since, 1n the nitride semiconductor layers laminated on
the second nitride semiconductor layer, light 1s not absorbed
and films with excellent crystallinity 1n which crystal axes are
orientated 1n the same direction can be formed, thereby use-
less impurities 1n the films decrease and the films of a low
clectric resistance with high carrier density and electron
mobility can be formed. Then, even when a LED, a LD or the
like 1s formed, a semiconductor light emitting device with
excellent characteristics having a low operation voltage, high
internal quantum efficiency, and a low threshold current can
be obtained as a vertical type device in which a pair of elec-
trodes 1s taken out from upper and down sides of a chip, and
when a transistor or the like 1s formed, a transistor (HEMT)
with a high speed having a small leakage current and a high
withstand voltage can be obtained. In addition, by increasing
a mixed crystal ratio of Mg of the substrate, band gap energy
1s increased, and light with a short wavelength such as ultra-
violet light or the like 1s not absorbed.

In addition, by the mitride semiconductor light emitting,
device according to the present invention using other semi-
conductor substrate, even 1n case of using a semiconductor
substrate which absorbs blue or ultraviolet light such as a
substrate made of GaAs, GaP, S1C or the like, since a metal
f1lm which 1s easy to reflect light 1s formed under the insulat-
ing {ilm, the light generated in a light emitting layer 1is
reflected by the metal film, the light 1s prevented from reach-
ing the substrate, and absorption of the light at the substrate 1s
inhibited, thereby a semiconductor light emitting device
capable of enhancing eificiency of taking out light can be
obtained. And, for increasing of dislocation density caused by
lattice mismatching, since the second nitride semiconductor
layer 1s formed by lateral selective growth by using a mask
layer having opening portions and using the first mitride semi-
conductor layer exposed at opening portions as seeds, pen-
ctrating dislocations are inhibited by the mask layer, and a
layer with less dislocations and high crystallinity can be
obtained. As a result, also 1n a light emitting layer laminated
thereon, dislocations decreases, a problem of lattice mis-
matching 1s solved, and the light emitting layer with small
dislocation density and high quality can be formed. In addi-
tion, since the substrate 1s made of semiconductor, a conduc-
tive substrate can be formed by doping, then, in case of
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forming LED, 1t 1s not necessary to form a mesa structure, and
a vertical type device 1n which a pair of electrodes 1s formed
at upper and down sides of a chip can be obtained, and since
the thermal conductivity of the semiconductor 1s higher than
that of the sapphire, the thermal saturation 1s inhibited up to a
high temperature and high output, thereby a semiconductor
device with high light emitting efficiency can be obtained.

In addition, by forming the metal film with a two layer
structure of a first metal film made of a metal which reflects
light generated 1n a light emitting layer, and a second metal
f1lm made of a metal which has a melting point higher than a
growth temperature of a semiconductor lamination portion,
the metal of the first metal film can be prevented from diffus-
ing into semiconductor layers, therefore, characteristics of
the device 1s not deteriorated, and absorption of light at the
substrate can be inhibited sufficiently, and, as a result, a
semiconductor light emitting device with higher light emit-
ting efficiency can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s an explanatory cross-sectional view of a LED
which 1s an embodiment of the nitride semiconductor device
according to the present invention; and FIG. 1B 1s a partial
sectional view 1illustrating a protection film formed on the
substrate of FIG. 1A.

FI1G. 2 15 an enlarged explanatory cross-sectional view of a
vicinity of the mask layer according to the present mnvention.

FIG. 3 1s an explanatory cross-sectional view ol an
example which 1s another structure of the nitride semicon-
ductor device according to the present invention.

FIG. 4 1s an explanatory cross-sectional view of a consti-
tution of the transistor formed by the present invention.

FIG. § 1s a figure for explaining a ZnO crystal structure.

FIG. 6 1s an explanatory cross-sectional view of a LED
which 1s another embodiment of the nitride semiconductor
device according to the present invention.

FI1G. 7 1s an enlarged explanatory cross-sectional view of a
vicinity of a mask layer by an example shown 1n FIG. 6.

FIG. 8 1s an explanatory cross-sectional view of the nitride
semiconductor device by the example shown 1n FIG. 6 before
clements are divided.

FIG. 9 1s figures of examples of constitutions of LEDs
using conventional nitride semiconductor.

EXPLANATION OF LETTERS AND NUMERALS

1: ZnO substrate

2: first nitride semiconductor layer

4: mask layer

5: second nitride semiconductor layer
9: semiconductor lamination portion
31: semiconductor substrate

32: first nitride semiconductor layer
33: metal film

34: msulating film

35: mask layer

36: second nitride semiconductor layer
40: semiconductor lamination portion

THE BEST EMBODIMENT OF THE
INVENTION

PRESENT

An explanation will be given below of a nitride semicon-
ductor device according to the present mvention 1n which a
/n0O based compound substrate 1s used as a substrate 1n
reference to the drawings. As an explanatory cross-sectional
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view ol a nitride semiconductor light emitting device (LED
chip) of an embodiment 1s shown 1n FIG. 1A, the nitride
semiconductor device according to the present mnvention 1s

formed such that a substrate 1 1s made of a zinc oxide based
compound such as Mg 7n, O (0=x=0.5), a first nitride
semiconductor layer 2 1s provided on the substrate 1, a mask
layer 4 having opening portions 4a and a second nitride
semiconductor layer 3 selectively grown laterally from the
opening portions 4a are formed on the first nitride semicon-
ductor layer 2, and nitride semiconductor layers 6 to 8 are
laminated on the second nitride semiconductor layer 5 so as to
form a semiconductor element (so as to form a light emitting
layer of a LED 1n the example shown in FIG. 1A). In addition,
in the example shown 1n FIG. 1A, the first nitride semicon-
ductor layer 2 1s formed by a first layer 2a made of AlGaN
based compound provided at a substrate 1 side and a second
layer 2b made of GaN provided at an upper side, and,
although a plurality of layers are used in this case, single layer
may be used. In addition, substrates 1n all figures including
FIG. 1A, are drawn thin comparing to other semiconductor
layers, however, actually, a thickness of the substrate 1 is
much larger than that of each semiconductor layer.

Namely, the present invention 1s characterized 1n using a
substrate made of a zinc oxide based compound such as
Mg 7Zn,_ O or the like as a substrate 1, and providing the first
nitride semiconductor layer 2 directly on a surface of the
substrate, the mask layer 4 having opening portions on the
first nitride semiconductor layer 2, and the second nitride
semiconductor layer 5 epitaxially grown laterally on the mask
layer 4, 1n order to laminate mitride semiconductor layers by a
MOCVD method. As described above, when the nitride semi-
conductor layers are grown by the MOCVD method, 1t 1s
preferable to grow at a temperature of approximately 1,000°
C. ormore because high quality of a GaN film can be obtained
at a high growth temperature, however, 11 a ZnO based com-
pound substrate 1s used as the substrate 1, the ZnO substrate
1s etched by ammomnia gas, a surface of the substrate 1 where
epitaxial growth 1s carried out i1s roughened, and the nitride
semiconductor layers with high quality of a film can not be
grown. On the other hand, when the growing 1s carried out at
a low temperature of 600° C. or less 1n order to prevent the
above-described problem, quality of a film of GaN deterio-
rates, and there arises a problem such as deterioration of
crystallinity of the mitride semiconductor layers.

However, the present inventor discovered, as a result of
carnest and repeated studies as described above, that, by
growing a thin first nitride semiconductor layer 2 while con-
trolling a temperature or the like so as to prevent a ZnO based
compound substrate from being roughened, and forming the
mask layer 4 having opening portions with a dielectric film
made of S10, or the like, the substrate 1s protected by the mask
layer 4, then, even under an ammonia atmosphere of a high
temperature, the ZnO based compound substrate can be pre-
vented from being roughened, and by growing the second
nitride semiconductor layer epitaxially grown laterally on the
mask layer 4 at a high temperature thereafter, a nitride semi-
conductor device with excellent crystallinity can be formed.
Namely, by adopting such manner, 1t was found that there are
solved the problem such as roughness of the substrate caused
by variation of process parameters generated when increasing
a thickness of the first nitride semiconductor layer 2, or occur-
rence ol cracks depending on a difference of the thermal
expansion between the nitride semiconductor layer and the
substrate 1, because although the mask layer 4 has the open-
ing portions, most area of a surface of the substrate 1 1s
covered by the mask layer 4, and then, even 11 a thickness of
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the first mitride semiconductor layer 2 underlying 1s thinned,
the surface of the substrate 1 1s prevented from being rough-
ened.

As the substrate 1, a zinc oxide based compound such as
Mg 7n,_ O or the like, for example, an n-type ZnO substrate
1, 1s used. By using such oxide, the substrate can be easily
removed by wet etching, one electrode can be taken out from
a back surface of the substrate since semiconductor has con-
ductivity, and lattice matching can be easily achieved (a crys-
tal layer for seeds 1s formed with high quality) because a
lattice constant thereot 1s similar to that of a mitride semicon-
ductor layer above all, thereby, a film can be formed with
higher quality than that 1n a conventional case using a sap-
phire substrate. In case of forming a light emitting device
emitting light with a short wavelength, the substrate 1 may be
made of Mg _7Zn,_ O (0=x=0.5) or the like in which Mg 1s
mixed so as not to absorb the light, 1n place of being made of
/n0O. However, 1t 1s not preferable that a concentration of Mg
1s over 50 at % since MgO 1s a crystal of a NaCl type which
does not match with a ZnO based compound of a hexagonal
system 1n lattice. By the way, the Mg Zn, O substrate 1s
formed by cutting out waters from an igot formed by a
hydrothermal synthesis method or the like.

In addition, it 1s preferable to use a (0001) plane and Zn
polarity plane shown in FIG. 5 as a principal plane of the
substrate 1, because resistance to ammonia gas 1s high com-
paring with a principal plane of an O polarity plane, and a
surface of the ZnO substrate 1 1s less roughened, however,
other planes may be used. Namely, 1n case of using a C plane
as a principal plane of a ZnO substrate, an O polanty plane
and a Zn polarity plane exist on the C plane, however, 1n case
of using a Zn polarity plane as the principal plane, Zn appears
on a surface, thereby resistance to etching by ammeonia gas 1s
higher comparing to the case 1n which O exists on the surface,
and roughness of the surface caused by ammonia gas 1s low-
ered comparing to the O polarity plane.

As described above, since a surface of the substrate 1 1s
etched by ammonia gas when being exposed to an ammonia
atmosphere under a high temperature, the surface 1s rough-
ened, crystallimity of the substrate itself deteriorates, and, at
the same time, crystallinity of nitride semiconductor layers
grown thereon deteriorates remarkably. Then, the nitride
semiconductor layers are preferably formed by protecting a
back surface, side and an end portion of the surface of, for
example, a ZnO substrate 1a, by coating with a protection
film 15 made of S10,, S1,N,, Pt or the like which does not
vaporize at a high temperature as shown in FIG. 1B, and
setting the ZnO substrate 1a (waler) on a work carrier of a
MOCVD apparatus, made of carbon, molybdenum or the
like.

The first nitride semiconductor layer 2 1s a layer, which 1s
made of mitride semiconductor having a lattice constant simi-
lar to that of the substrate, for inhibiting etching by ammonia
gas and, at the same time, for seeds for epitaxial growth 1n a
lateral direction from opening portions of the mask layer 4
described later, and 1s provided 1n contact with the substrate.
In order to lower activity and absolute quantity of ammonia
gas and to prevent the substrate from being etched, 1t 1s
preferable that the first nitride semiconductor layer 2 1s
formed, 1n case of growing by a MOCVD method, at a low
temperature of 600 to 800° C. which 1s lower than a usual
growth temperature of a GalN crystal layer, and with setting a
molar ratio of a raw material of group V element to that of
group 111 element to 500 or more and 2,000 or less. In addi-
tion, 1n case of forming one electrode on a back surface of the
substrate 1, a conductivity type of the first nitride semicon-
ductor layer 2 1s required to be the same conductivity type as
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the substrate 1, however, 1n case of not forming one electrode
on the back surface of the substrate 1, the first nitride semi-
conductor layer 2 may be formed undoped or doped with S1 (n
dopant) or the like.

It 1s preferable that a thickness of the first semiconductor
layer 2 1s 500 Angstroms or more 1n order to prevent ammonia
gas from transmitting the first nitride semiconductor layer,
surely. In addition, as described later, since, by providing a
mask layer 4 having opening portions 4a, the ammonia gas
can not pass through the mask layer 4 in a region except the
opening portions 4a, the thickness of the first nitride semi-
conductor layer 2 1s not required to be so thick, and can be
approximately 500 to 8,000, preterably 1,000 to 4,000 Ang-
stroms, concretely. In such manner, since the first nitride
semiconductor layer 2 can be formed thin, there can be imnhib-
ited a leakage current by occurrence of film separation or
cracks caused by stress generated between the first nitride
semiconductor layer 2 and the substrate 1.

In addition, an AlGaN based compound which has com-
paratively small Al concentration 1s preferably used for the
first mitride semiconductor layer. It 1s because, ammonia gas
can be prevented from reaching the substrate and etching the
substrate by existence of Al, and even by using a usual growth
method (high temperature growth) for forming a semicon-
ductor lamination portion thereafter, nitride semiconductor
layers with excellent cryatalimity can be grown. More con-
cretely, 11 GaN or an InGaN based compound 1s used for the
first nitride semiconductor layer 2, ammonia gas occasionally
transmits a layer made of the GaN or the InGaN based com-
pound because In or the like 1s apt to vaporize, and there arises
a case such that a surface of the ZnO substrate underlying 1s
roughened. However, when an AlGalN based compound 1s
used for the first nitride semiconductor layer 2, since the first
nitride semiconductor layer 2 contains Al, ammonia gas can
be prevented from reaching a surface of the substrate by
existence of Al, and, furthermore, since film adhesion
strength of a layer made of the AlGaN based compound 1s
stronger comparing to that of a layer made of GalN and the
InGaN based compound, film separation hardly occurs.

Therefore, once the first nitride semiconductor layer 2 1s
formed of AlGaN with an Al concentration and a film thick-
ness of a certain value or more, film separation hardly occurs,
and at the time of laminating a semiconductor lamination
portion under a high temperature condition thereaiter, since
ammonia gas does not reach a surface of the ZnO substrate,
nitride semiconductor layers with excellent crystallinity can
be grown even by using a usual growth method. In addition,
since difference of a coellicient ol thermal expansion with the
substrate 1s smaller than that 1n a case of GaN or InGaN, an
occurrence probability of leakage current caused by occur-
rence of cracks can be lowered. And, 1t 1s preferable to set Al
concentration of the AlGaN based compound to 20% or less
and 5% or more. However, as shown in FI1G. 1, by forming the
first nitride semiconductor layer 2 with a plurality of layers or
a gradient layer, a layer made of GaN or an InGaN based
compound may be provided at an opposite side of the sub-
strate 1 without any problems, and since the mask layer 4 1s
provided on the most area of the surface, a single layer made
of GaN or an InGaNN based compound may be used.

In the example shown 1n FIG. 1, the first mitride semicon-
ductor layer 2 1s formed with a plurality of layers 1n which a
first layer 2a made of an AlGaN based compound 1s provided
at a side of the substrate 1, a second layer 256 made of GaN 1s
formed at a surface side, and a composition of the layer of the
surface side 1s arranged so as to match to that of a layer
laminated on the mask layer 4. In this case, the second layer
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2b of the surface side of the first nitride semiconductor layer
2 becomes a seed layer for lateral growth.

The mask layer 4, as an enlarged explanatory figure of the
vicinity thereof 1s shown i FIG. 2, 1s provided on the first
nitride semiconductor layer 2, has opening portions 4a having
a width W, and 1s formed so as to contact directly with the first
nitride semiconductor layer 2. The mask layer 4 1s formed by
depositing a dielectric material or the like such as, for
example, S10,, S1,N, or the like, on which a semiconductor
layer can not be epitaxially grown directly, by a sputtering or
CVD method, with a thickness of approximately 200 to 800
nm. The thickness of 200 nm or more 1s required for prevent-
ing ammonia gas from invading a substrate, and that of 800
nm or less for preventing crystals from deterioration caused
by occurrence of level differences.

The mask layer 4 1s provided on whole surface of the first
nitride semiconductor layer 2 of a water state, thereafter the
opening portions 4a are formed by patterning (extending with
a groove shape 1n a direction perpendicular to a paper surface
of FIG. 1 or 2). A reason why the opening portions are pro-
vided is that, the first nitride semiconductor layer 2 exposed at
the opening portions 4a acts as seeds, the second nitride
semiconductor layer 3 is selectively grown laterally on the
mask layer 4, thereby a dislocation density of the second
nitride semiconductor layer 5 1s lowered. In addition, 1n order
to form a LED of a type in which light 1s emitted from an
upper surface, between the mask layer 4 and the first nitride
semiconductor layer 2 at regions except the opening portions,
a metal film made of Al, Ag, Au or the like may be provided
as a reflection layer.

When a semiconductor light emitting device shown 1n FIG.
1 1s manufactured, a width M of the mask layer 1s set to 10 to
15 um 1n order to achieve laterally selective growth. If an
interval W of the mask layer 1s too large, longitudinal growth
in which a dislocation density 1s large occurs, therefore 1t 1s
preferably set to 5 um or less. In addition, 11 the interval W of
the mask layer 1s too small, 1t takes long time to grow crystals
from the first nitride semiconductor layer 2, therefore 1t 1s
preferably 2 um or more.

In addition, 1n order to make dividing into each device easy,
if, as shown i FIG. 1, only amask layer of a portion (both end
portions of an element (chip)) of a region for dividing into
cach element 1s spread comparing to other portions, laterally
selective growth does not occur surely on the mask layer 4 of
the portion of the region for dividing into each element, and
the wafer 1s divided spontaneously by the portion of the
region ol the mask layer 4 for dividing into each element.
Then, the width of the mask layer near the region for dividing
into each element 1s formed wider than that of the mask layer
near a center portion of the element, and preferably set con-
cretely to 40 to 80 um. By such constitution, since each
clement can be independent before forming the semiconduc-
tor lamination portion 9, even if a crack by a stress occurs in
one element, spread of the crack to other elements can be
inhibited. In addition, even if a stress depending on difference
ol a coellicient of thermal expansion acts between the sub-
strate 1 and the semiconductor lamination portion, the stress
1s absorbed 1n the region for dividing 1nto each device, and a
waler 1tself can not be bent 1n an arcuate shape.

The second nitride semiconductor layer 5 1s formed with,
for example, an n-type GaN layer and with a thickness of
approximately 5 to 10 um. The second nitride semiconductor
layer 5 begins to grow using the first GaN layer 25 exposed
from the opening portions 4a of the above-described mask
layer 4 as seeds, and when 1t reaches a surface of the mask
layer 4, it grows selectively 1n a lateral direction. Namely,
since a GaN layer grows faster and with more excellent crys-
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tallinity 1n a lateral direction than 1n a longitudinal direction,
by growing slightly 1n a longitudinal direction while growing
in a lateral direction, semiconductor layers growing in a lat-
eral direction from both opening portions are joined each
other at the vicinity of a center portion of the mask layer 4 at
last. Then, after a surface of the mask layer 4 i1s covered
entirely, the semiconductor layer grows 1n an upper direction
and the second n-type GalN layer (semiconductor layer) 5
grows also on the mask layer 4 entirely. The second n-type
GaN layer 5 has excellent crystallinity at a region except both
end portions (portions 1n contact with the opening portion 4a)
and a jo1nt portion of the center portion on the mask layer, and
a dislocation density 1s low by one order.

The semiconductor lamination portion 9 on the second
n-type GaN layer 5 1s formed as a semiconductor lamination
portion constituting a usual light emitting diode. Namely, in
an example shown 1n FIG. 1, the semiconductor lamination
portion 9 1s formed by providing an n-type layer 6 made of
n-type GalN doped with S1 having a thickness of approxi-
mately 1 to 10 um, an active layer 7 made with a MQW
structure (multiple quantum well structure formed by lami-
nating 3 to 8 pairs of well layers made of, for example,
In, ,,Ga, ;N and having a thickness ot 1 to 3 nm, and barrier
layers made of In, ,,Ga, ooN and having a thickness of 10 to
20 nm) of an undoped InGaN based compound and GaNN,
having a thickness of approximately 0.05 to 0.3 um 1n total,
and a p-type layer 8 made of GalN doped with Mg having a
thickness of approximately 0.2 to 1 um.

In addition, the semiconductor lamination portion 9 1s
laminated with a necessary constitution depending on a semi-
conductor device manufactured, and, also 1n case of a LED,
not being limited to the above-described example, the n-type
layer 6 and the p-type layer 8 may be formed 1n a multi-layer
structure provided with a layer (barrier layer) having a large
band gap energy at a side of the active layer, or a super lattice
structure or a gradient layer may be provided between semi-
conductor layers having different compositions, or the second
nitride semiconductor layer 5 may share with an n-type layer
or a p-type layer. In addition, a structure of the active layer 7
may be a bulk structure or a single quantum well (SQW)
structure, not limited to the multi quantum well structure.
Further, although the example shows a double hetero junction
structure formed by holding the active layer 7 with the n-type
layer 6 and the p-type layer 8, a hetero junction structure
formed by joining an n-type layer and a p-type layer directly
may beused. The point is that the n-type layer 6 and the p-type
layer 8 are provided so as to form a light emitting layer in case
of constituting a LED. In addition, although the above-de-
scribed example 1s an example of a LED, a LD can be formed
similarly by forming a light emitting region having a stripe
shape.

Subsequently, an explanation of a method for manufactur-
ing the light emitting diode will be given below. A wafer, 1n
which a protection film 1s provided on a region except a
growth surface of the ZnO substrate 1 formed with, for
example, an n-type conductivity, and with a principal plane of
a (0001) plane and Zn polarity plane, 1s set within a MOCVD
apparatus, and the surface of the substrate 1s cleaned 1n an
hydrogen carrier gas at a raised temperature of 600 to 800° C.,
for example 700° C. Subsequently, by supplying ammonia
gas (NH,) of a raw gas of group V element, and trimethyl
gallium (TMG) and trimethyl aluminium (TMA) of group 111
clement, the first layer 2a of a first mitride semiconductor
layer 2 made ot Al Ga,_ N (0.05=y=0.2, for example y=0.2)
1s grown with S1 doping and with a thickness of 500 Ang-
stroms, for example approximately 2,000 Angstroms, and the
second layer 256 made of GaNN 1s grown with S1 doping and
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with a thickness of approximately 2,000 Angstroms. Here,
flow rates of the ammonia gas and the carrier gas carrying the
raw material of group III element are adjusted so as to set a
molar ratio of the raw materials of group V element and group
I1I element to 2,000 or less, for example approximately 500
(the raw material of group V element of 2x10~> mole and the
raw material of group I1I element of 4x107> mole). Although
the S1 doping 1s necessary for forming an electrode on a back
surface of the substrate 1, an undoped substrate may be used
in case of not forming an electrode on a back surface of the
substrate. It 1s preferable for preventing the surface of the
/n0O substrate from being roughened that an atmosphere
within a chamber 1s made with an atmosphere of a raw mate-
rial of group III element at first by supplying TMA and TMG
ol an organic metal of a raw matenial of group III element for
several seconds just before growing the first nitride semicon-
ductor layer 2, thereby the protection film 1s formed on the
surface of the ZnO substrate with the raw materal of group 111
clement, thereafter, ammonia of a raw material of group V
clement 1s supplied.

And subsequently, the substrate 1s taken out from the
growth apparatus, by using, for example, a sputtering appa-
ratus, a vapor deposition apparatus or the like, a S10, film for
the mask layer 4 1s formed with a thickness of approximately
200 to 800 nm. Thereafter, a resist film 1s provided thereon
and patterned, and the S10, film 1s etched by an aqueous
solution of HF, thereby the opening portions 4a are formed
with a stripe shape and the mask layer 4 with the stripe shape
1s formed.

Thereatfter, the substrate 1s set within the MOCVD appa-
ratus or the like, necessary gasses are supplied such as trim-
cthyl indium (TMIn) as a raw material gas for In besides the
above-described gas, and cyclopentadienyl magnesium
(Cp,Mg) or dimethyl zinc (DMZn) as a p-type dopant, with
hydrogen gas as a carrier gas, thereby the second n-type GaN
layer 5 and each semiconductor layer of the semiconductor
lamination portion 9 are grown with each thickness described
above. In this case, since the n-type GaN layer 5 which 1s the
second nitride semiconductor layer 5 1s easy to grow laterally
when a temperature of the substrate 1s high, and easy to grow
longitudinally when a temperature of the substrate 1s low, the
layer 1s grown firstly at a temperature of approximately 850 to
1,000° C. and at a temperature of approximately 950to 1,100°
C. after the opening portions are filled, the n-type layer 6 1s
grown at a temperature of the substrate of approximately 950
to 1,100° C., the active layer 7 1s grown at a temperature of the
substrate ol approximately 700 to 770° C., and each layer
alter them 1s grown at a temperature of the substrate of
approximately 950 to 1,100° C. again. In addition, in order to
change compositions of In or Al of an InGalN based com-
pound or an AlGaN based compound, tlow rates of TMInof a
raw material gas of In and TMA of araw material gas of Al are
adjusted.

Thereafter, a light transmitting conductive layer 10, having,
a thickness of approximately 0.01 to 5 um, which 1s made of,
for example, ZnO or the like and capable of ohmic contact
with the p-type layer 8 1s provided on a surface of the semi-
conductor lamination portion 9. The ZnO 1s formed 1n a film
s0 as to have a specific resistance of approximately (3 to
5)%x10™* Q-cm by doping Ga. The light transmitting conduc-
tive layer 10 1s not limited to ZnO, and an ITO film or a thin
alloy film of N1 and Au having a thickness of 2 to 100 nm can
diffuse electric current to whole of a chip while transmitting
light.

Then, after polishing a back surface of the substrate 1 so
that a thickness of the substrate 1 1s approximately 100 um, an
n-side electrode 12 1s formed by laminating T1/Al or Cr/Pt/ Au
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or N1/Au or the like on the back surface, further a p-side
clectrode 11 1s formed with a lamination structure made of
T1/Au by a lift off method on a surface of the light transmitting
conductive layer 10, and whole of a chip 1s covered with a
S10N {ilm not shown 1n the figure by a plasma CVD method
and an opening portion 1s formed at an electrode portion.
Thereatter, a light emitting device chip having a structure
shown 1n FIG. 1 1s formed by dividing a watfer into chips.

According to the present invention, since nitride semicon-
ductor layers are laminated on the ZnO based compound
substrate, one electrode can be formed on a back surface of
the substrate, and a device of a vertical type can be formed 1n
which a pair of electrodes 1s formed at upper and lower sides
of the chip. However, even 1n case of using such substrate, the
n-side electrode 12 can be formed on the n-type layer 6
exposed by etching a part of the semiconductor lamination
portion 9 laminated, by dry etching, as shown in FIG. 3. By
using such structure, a device emitting suflicient light can be
obtained even 11 the ZnO substrate 1 or the AlGaN layer 2a or
the GaN layer 25 has a high electric resistance. Here, a struc-
ture of the semiconductor lamination portion or the like 1s
similar to that of an example shown 1n FIG. 1, and the same
letters and numerals are attached to the same parts and an
explanation 1s omitted.

FIG. 4 1s an explanatory cross-sectional view showing a
transistor constituted by laminating nitride semiconductor
layers with excellent crystallinity by forming a first nitride
semiconductor layer 2 made of an AlGaN based compound
on a surface of the above described ZnO substrate 1 and a
mask layer 4 having opening portions. In a same condition as
a case of the light emitting device, by using a MOCVD
apparatus, alter growing firstly the first layer 2a made of
undoped AlGaN and the second layer 26 made of undoped
(GaN, of the first nitride semiconductor layer 2, the mask layer
4 1s formed, and the opening portions are provided. Subse-
quently, necessary organic metal gasses are supplied 1n the
same manner described above, there are formed, in order, the
second nitride semiconductor layer 5 made of undoped GaN,
an undoped GaNlN layer 23 approximately 4 um thick, an
clectron transit layer 24 made of undoped AlGaN based com-
pound approximately 10 nm thick, an n-type GaN layer 25
approximately 5 nm thick, and the electron transit layer 24 1s
exposed by etching and removing a part of the n-type GalN
layer 25 so as to provide a predetermined interval of approxi-
mately 1.5 um to be a gate length. And a transistor 1s consti-
tuted by forming a source electrode 26 and a drain electrode
27 made with, for example, a 11 film and a Au film on the
n-type GaN layer left with the predetermined interval, and a
gate electrode 28 formed by laminating, for example, a Pt film
and a Au {film on a surface of the un-doped AlGalN based
compound layer 24. The nitride semiconductor layers with
excellent crystallinity can be formed and a transistor (HEMT)
with a small leakage current and a high withstand voltage can
be obtained by forming the nitride semiconductor layer 2 and
the mask layer 4 having the opening portions, on a surface of
the substrate, and by growing the second nitride semiconduc-
tor layer 5 thereon.

As described above, according to the present mmvention
using the ZnO based compound, since, while using a zinc
oxide based compound such as ZnO or the like for the sub-
strate, the first mitride semiconductor layer which has a simi-
lar lattice constant to that of the substrate and a property of not
transmitting ammonia gas, and the mask layer having open-
ing portions are provided on a surface of the substrate 1n order
to laminate nitride semiconductor layers, etching the sub-
strate by ammonia gas does not occur and forming the semi-
conductor lamination portion can be carried out at a high
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temperature, thereby a nitride semiconductor device with
excellent crystallinity can be formed. As a result, there can be
significantly improved characteristics of a device using
nitride semiconductor such as a mitride semiconductor light
emitting device such as a LED, a LD (laser diode) or the like
with excellent light emitting characteristics, a nitride transis-
tor such as a HEMT or the like with a small leakage current
and a high withstand voltage, or the like.

Subsequently, an explanation of a nitride semiconductor
light emitting device according to the present invention 1n
which a conductive semiconductor substrate such as S1 or the
like 1s used as a substrate in place of the ZnO based compound
will given below. As an explanatory cross-sectional view of a
nitride semiconductor light emitting device (LED chip) of an
embodiment 1s shown 1n FIG. 6, the nitride semiconductor
light emitting device according to this embodiment 1s formed
by providing a first nitride semiconductor layer 32 on a semi-
conductor substrate 31, a mask layer 35 having opening por-
tions thereon, and a second nitride semiconductor layer 36
selectively grown laterally on the mask layer 35 from the
opening portions and, a semiconductor lamination portion 40
formed by laminating nitride semiconductor layers so as to
form a light emitting layer 38. Here, the mask layer 35 is
composed of a metal film 33 provided at a side of the first
nitride semiconductor layer 32 and a dielectric film 34 pro-
vided on the metal film 33.

Namely, this embodiment 1s characterized in forming the
mask layer 35 with the metal film 33 which reflects light
traveling to the substrate side, and the msulating film 34 on
which the nitride semiconductor layer can be selectively
grown laterally, besides using a semiconductor substrate,
which 1s conductive, capable of forming an electrode on a
back surface thereof, and high in thermal conductivity. As
described above, 11 a sapphire substrate 1s used, since 1t 1s an
insulating substrate, an electrode can not be formed on a back
surface of the substrate and a mesa structure 1s required to be
used, and since thermal conductivity of the sapphire substrate
1s low, thermal saturation occurs at high temperature and high
output operation, and light emitting efficiency can not be
enhanced. On the other hand, in order to prevent the above-
described problem, 11 a substrate made of GaAs, GaP, S1C, Si
or the like which 1s a conductive substrate 1s used, since the
substrate 1s made electric conductive by doping, it 1s not
necessary to form a mesa structure and a vertical type device
in which a pair of electrodes 1s formed on upper and lower
surfaces of a chip can be formed, and since thermal conduc-
tivity of the substrate 1s hugh, light emitting efficiency can be
prevented from lowering at high temperature operation. How-
ever, a dislocation density caused by lattice mismatching
between the substrate and a nitride semiconductor layer
increases and absorption of light at the substrate occurs,
thereby there arises a problem such that the light emitting
elficiency lowers.

However, according to the present invention, for increase
of a dislocation density caused by lattice mismatching, since
the mask layer 35 having opening portions 1s used, and the
second nitride semiconductor layer 36 1s grown by laterally
selective growth using the first nitride semiconductor layer 32
exposed from the opeming portions as seeds, dislocations
generated at the substrate side 1s prevented from penetrating
to upper layers by the mask layer 35. Therefore, a density of
penetrating dislocations becomes very small and a nitride
semiconductor layer with excellent crystallimty can be
obtained. As a result, 1n a semiconductor lamination portion
laminated thereon, since layers with excellent crystallinity
can be formed, even 1f a lattice-mismatched substrate 1s used,
a dislocation density can be lowered comparing to the con-
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ventional case. In addition, as for the problem such that light
1s absorbed at the substrate, since the metal film 33 1s formed
under the msulating film 34, light generated 1n the light emat-
ting layer 38 and traveling to the substrate 31 1s retlected by
the metal film 33, and prevented from entering the substrate
31, thereby the light absorption at the substrate 31 can be
inhibited.

In an example shown 1n FIG. 6, an n-type S1 substrate 1s

used as the semiconductor substrate 31, however it 1s not
limited to S1, and S1C, GaAs, GaP or the like may be used. In
case such that light such as blue or ultraviolet light emitted 1n
nitride semiconductor layers 1s absorbed by the substrate, the
present mvention 1s specially effective. Since the semicon-
ductor substrate can be made conductive by doping, one
clectrode can be taken out from a back surface of the sub-
strate. In addition, 1f any of the above-described materials 1s
used, a lattice constant thereotf does not match with that of
(GaN, and lattice matching can not be obtained, however, by
laterally selective growth of the GaN layer through the mask
layer 35 as described above, the second nitride semiconductor
layer 36 with a small dislocation density can be grown on the
mask layer 35. In an example described below, an example of
an n-type substrate 1s explained, however a p-type substrate
may be used.

The first nitride semiconductor layer 32 1s formed with, for
example, an AlGaN based compound layer 32a grown at a
low temperature and a GaN layer 325 grown at a high tem-
perature which are approximately 3 um thick and doped 1n an
n-type, by ausual epitaxial growth method such asa MOCVD
method or the like, and it 1s a layer for relaxation of lattice
mismatching and for seeds at the time of forming the second
nitride semiconductor layer 36 by laterally selective growth.
Now, 1n the example shown 1n FIG. 6, the first nitride semi-
conductor layer 32 has a two layer structure 1n which the
AlGaN based compound layer 32a 1s a lattice mismatching
relaxation layer and the GaN layer 3256 1s a crystal layer for
seeds, however, these layers may have a single layer or a super
lattice structure. In addition, a composition may only be a
nitride semiconductor layer such as an InGalN based com-
pound or the like besides an AlGaN based compound and
GaN, depending difference of lattice constants of the sub-
strate used and semiconductor layers laminated thereon, and
a thickness of the film 1s set according to requirements.

The mask layer 35(351), as an enlarged explanatory figure
of the vicimity thereof 1s shown 1n FIG. 7, 1s provided on the
first nitride semiconductor layer 32, and composed of the
metal film 33 having opeming portions 333 with a width W
and provided at the first nitride semiconductor 32 side, and
the mnsulating {ilm 34 provided on the metal film 33.

For the metal film 33, a metal having a large reflection
coellicient to light of a blue to ultraviolet region such as, for
example, Al, Ag, Au or the like 1s preferable. In addition, 1t 1s
preferable, as shown 1n FIG. 7, to form the metal film 33 with,
at least, a two layer structure of a first metal layer 33a pro-
vided at the first nitride semiconductor layer 32 side and a
second metal layer 3356 provided on the first metal layer 334,
and form the second metal film 335 of the above-described
material and the first metal film 33a¢ of a metal having a
melting point higher than a growth temperature of a semicon-
ductor lamination portion 40, because a material of the sec-
ond metal film 335 does not make an alloy with semiconduc-
tor layer and diffusion thereof can be inhibited. For example,
W, 11, Pd or the like 1s preferably used for the first metal film
33a. It 1s most suitable to form the first metal film 334 with a
thickness of 10 to 200 nm and the second metal film with a
thickness of 10 to 200 nm.
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The msulating layer 34 1s formed with a thickness of
approximately 200 nm by a sputtering method or the like by
depositing an insulating material such as, for example, S10,,
S1,N, or the like, on which a semiconductor layer can not be
directly grown epitaxially. The msulating layer 34 is for not
growing the second nitride semiconductor layer 36 directly
on the first nitride semiconductor layer 32, and 11 the film 1s
formed so as to maintain a mask function, a thickness of the
f1lm 1s preferably thinner because a level difference does not
OCCUL.

The metal film 33 and the 1insulating layer 34 are provided
on a whole surface of the first nitride semiconductor layer 32
ol a wafer stage sequentially, thereafter opening portions 353
with a groove shape (groove extending 1 a perpendicular
direction to the paper surface in FIG. 7) are formed by pat-
terming. The reason why the opening portions 353 are pro-
vided 1s, as described later, to grow the second nitride semi-
conductor layer 36 by laterally selective growth using the first
nitride semiconductor layer 32 exposed at the opening por-
tion 353 as seeds, and to lower a dislocation density of the
second nitride semiconductor layer 36.

In case of manufacturing a semiconductor light emitting
device shown 1n FIG. 6, a width M1 (ct. FIG. 8) of the mask
layer 1s formed approximately 10 to 15 um wide 1n order to
realize laterally selective growth. Since, when an interval W
of the mask layer 1s too wide, a longitudinal growth with a
large penetrating dislocation density occurs and a laterally
selective growth with small dislocation density does not
advance, and also 1n order to increase an area of a region
reflecting light generated 1n a light emitting layer, 1t 1s pret-
crable that the interval 1s 5 um or less. In addition, since, when
the interval W of the mask layer 1s too small, 1t takes long time
to grow crystals from the seeds of the first nitride semicon-
ductor layer 32, the interval 1s preferably 2 um or more.

In addition, as shown 1n an explanatory cross-sectional
figure before dividing into devices 1n FIG. 8, 1n order to make
it easy to divide into devices, and prevent a waler from bend-
ing depending on difference of coellicients of thermal expan-
s1on between the S1 substrate 31 and the nitride semiconduc-
tor lamination portion 40 at a waler stage, if only a mask layer
352 corresponding to an element dividing region 45 (both end
portions of a chip when divided into elements (chips)) 1s
widened, a mask width M2 of the element dividing region 1s
wider than a mask width M1 of the mask layer 351 within the
clement, the laterally selective growth does not occur per-
tectly on the mask layer 352, and elements are divided spon-
taneously by the mask layer 352. Then, 1t1s preferable to form
the width M2 of the mask layer 352 in the vicinity of the
clement dividing region 45 wider than the mask width M1 of
the mask layer 351 in the center portion of the element, and set
concretely approximately 20 to 80 um. In such manner, by
widening the width M2 of the mask layer 352 of the element
dividing region 45, even if difference of a coellicient of ther-
mal expansion between the S1 substrate 31 and the nitride
semiconductor layers 1s large, strain caused by the difference
ol a coellicient of thermal expansion can be absorbed and the
substrate can be prevented from bending or the like. In addi-
tion, since each element can be independent, a process of
dividing a water into chips becomes easy.

The second nitride semiconductor layer 36 1s formed, for
example, with an n-type GalN layer with a thickness of
approximately 5 to 10 um. The semiconductor layer 36 begins
to grow using the first GaN layer 326 exposed from opening,
portions 353 of the above-described mask layer 35 as seeds,
and grows selectively 1n a lateral direction after the growing
(GaN layer reaches a surface of the mask layer 35. Namely,
since the GalN layer grows faster and better 1n crystallinity 1n
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a lateral direction than 1n a longitudinal direction, it grows
slightly in the longitudinal direction while growing in the
lateral direction, and the semiconductor layers grown in the
lateral direction from two opening portions join each other at
the vicinity of a center portion of the mask layer 35. Then,
alter a surface of the mask layer 35 1s covered pertectly, the
GaN layer grows upward, and the second n-type GaN layer
(semiconductor layer) 36 1s also grown wholly on the mask
layer 35. The second n-type GaN layer 36 has excellent crys-
tallinity and a smaller dislocation density by one order at a
region except both end portions (portions in contact with the
opening portions 353) above the mask layer 35, and a center
portion where the GaN layers join.

The semiconductor lamination portion 40 on the second
n-type GaN layer 36 1s a semiconductor lamination portion
constituting a usual light emitting diode. Namely, the semi-
conductor lamination portion in an example shown 1n FIG. 6
1s formed by providing an n-type layer 37 made of n-type
GaN doped with S1 having a thickness of approximately 1 to
10 um, an active layer 38 made with a MQW structure (imul-
tiple quantum well structure formed by laminating 3 to 8 pairs
of well layers made of, for example, In, ,,Ga, 4,N and having
a thickness of 1 to 3 nm, and barrier layers made of
In, ,Ga, ooN and having a thickness of 10 to 20 nm) of an
undoped InGalN based compound, having a thickness of
approximately 0.05 to 0.3 um 1n total, and a p-type layer 39
made of GaN doped with Mg having a thickness of approxi-
mately 0.2 to 1 um.

In addition, the semiconductor lamination portion 40 1s
laminated with a necessary constitution depending on a semi-
conductor device manufactured, and 1n case of a LED, not
being limited to the above-described example, the n-type
layer 37 and the p-type layer 39 may be formed 1n a multi-
layer structure provided with a layer (barrier layer) having a
large band gap energy at an active layer side, or a super lattice
structure or a gradient layer may be provided between semi-
conductor layers having different compositions, and the sec-
ond nitride semiconductor layer 36 may share with an n-type
layer or a p-type layer. In addition, a structure of the active
layer 38 may be a bulk structure or a single quantum well
(SQW) structure, not limited to the mult1 quantum well struc-
ture. Further, although the example shows a double hetero
junction structure formed by holding the active layer 38 with
the n-type layer 37 and the p-type layer 39, a hetero junction
structure formed by joining an n-type layer and a p-type layer
directly may be used. The point is that the n-type layer 37 and
the p-type layer 39 are provided so as to form a light emaitting
layer 1n case of constituting a LED. In addition, although the
above-described example 1s an example of a LED, even 1n
case of a LD, i1f a structure of a semiconductor lamination
portion 1s formed with a lamination structure for the LD, the
LD with excellent crystallinity and small leakage current can
be obtained.

Subsequently, an explanation of a method for manufactur-
ing the light emitting diode will be given below. For example,
by using a MOCVD apparatus or the like, thermal cleaning 1s
carried out 1n a H, atmosphere by raising a temperature of a
substrate to approximately 1,100° C. Subsequently, a tem-
perature of the substrate 1s lowered to approximately 400 to
500° C., and by supplying ammoma gas (NH, ) of araw gas of
group V element, trimethyl gallium (TMG) and trimethyl
aluminium (TMA) of organic metals of a raw material of
group III element, and SiH, as an n-type dopant, the first
Al, 4sGa, <N layer 324 of an n-type doped with Si 1s formed
with a thickness of approximately 0.01 to 0.05 um, and the
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GaN layer 326 1s formed with a thickness of approximately 1
to 3 um by raising a temperature of the substrate to approxi-
mately 900 to 1,100° C.

And subsequently, the substrate 1s taken out from the
growth apparatus, and by using, for example, a sputtering
apparatus or a vapor deposition apparatus, a T1 film with a
thickness of approximately 10 to 200 nm, a Ag film with a
thickness of approximately 10 to 200 nm, and a S10,, film with
a thickness of approximately 200 to 3500 nm, are formed
sequentially. Thereaiter, a resist film 1s provided on the S10,
f1lm and patterned, and by etching the S10, film by an aque-
ous solution of HF, the Ag film by an aqueous solution of
HCI+HNO,, and the T1 film by an aqueous solution of HF,
opening portions are formed 1n a stripe shape and the mask
layer 33 with the stripe shape 1s formed.

Thereafter, the substrate 1s set within a MOCVD apparatus
or the like, necessary gasses are supplied such as trimethyl
indium (TMlIn) as a raw material gas for In besides the above-
described gas, and biscyclopentadienyl magnesium (Cp,Mg)
or dimethyl zinc (DMZn) as a p-type dopant, together with
hydrogen gas as a carrier gas, thereby the second n-type GaN
layer 36 and each semiconductor layer of the semiconductor
lamination portion 40 are grown with each thickness
described above. In this case, since the n-type GaN layer 36 1s
casy to grow laterally when a temperature of the substrate 1s
high, and easy to grow longitudinally when a temperature of
the substrate 1s low, the layer 1s grown firstly at a temperature
ol approximately 850 to 1,000° C. and at a temperature of
approximately 950 to 1,100° C. after the opening portions are
filled, the n-type layer 37 1s grown at a temperature of the
substrate of approximately 930 to 1,100° C., the active layer
38 1s grown at a temperature of the substrate of approximately
700 to 770° C., and each layer thereafter 1s grown at a tem-
perature of the substrate of approximately 950 to 1,100° C.
again. In addition, in order to change compositions of In or Al
of an InGaN based compound or an AlGaN based compound,
the flow rate of TMIn of a raw material gas of In or TMA of
a raw material gas of Al 1s adjusted.

Thereafter, a light transmitting conductive layer 41, having
a thickness of approximately 0.01 to 5 um, which 1s made of,
for example, ZnO or the like and capable of ohmic contact
with the p-type layer 39 1s provided on a surface of the
semiconductor lamination portion 40. The ZnO 1s formed 1n
a film so as to have a specific resistance of approximately (3
to 5)x10™* Q-cm by doping Ga. The light transmitting con-
ductive layer 41 1s not limited to ZnO, and an ITO film or a
thin alloy film of N1 and Au having a thickness o1 2 to 100 nm
can diffuse electric current to whole of a chip while transmiut-
ting light.

Then, after polishing a back surface of the substrate 31 so
that a thickness of the substrate 31 1s approximately 100 um,
an n-side electrode 43 1s formed by laminating T1/Al or Cr/Pt/
Au or Ni/Au or the like on the back surface, further a p-side
clectrode 42 1s formed with a lamination structure made of
T1/Au by a lift off method on a surface of the light transmitting
conductive layer 41, and whole of a chip 1s covered with a
S10N film not shown 1n the figure by a plasma CVD method
and an opening portion 1s formed at an electrode portion.
Thereatter, a light emitting device chip having a structure
shown 1n FIG. 6 1s formed by dividing a watfer into chips.

According to the present invention, since nitride semicon-
ductor layers are laminated on a semiconductor substrate, one
electrode can be formed on a back surface of the substrate,
and a device of a vertical type can be formed 1n which a pair
ol electrodes 1s formed at upper and lower sides of a chip.
However, even 1n case of using such substrate, the n-side
clectrode 43 can be formed on the n-type layer 37 exposed by
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ctching a part of the semiconductor lamination portion 40
laminated, by dry etching. It 1s the eflect of applying the
present invention that, even by this structure, since a coetii-
cient of thermal conductivity of the substrate 1s higher than
that of a usual sapphire substrate, a device 1n which deterio-
ration of light emitting efficiency does not occur up to a high
temperature and high output operation can be obtained.

INDUSTRIAL APPLICABILITY

Characteristics of a light emitting device using nitride
semiconductor, such as a LED or a laser diode, and a transis-
tor device such as a HEM'T can be improved, and the nitride
semiconductor device can be used 1n every kinds of electronic
apparatus using the nitride semiconductor device.

What 1s claimed 1s:

1. A nitride semiconductor device, comprising:

a substrate made of a zinc oxide-based compound;

a first nitride semiconductor layer provided on the sub-

strate;

a mask layer having opening portions, provided on the first

nitride semiconductor layer;

a second nitride semiconductor layer selectively grown on

the mask layer laterally from the opening portions; and

a semiconductor lamination portion formed by laminating,

nitride semiconductor layers so as to form a semicon-
ductor element on the second mitride semiconductor
layer,

wherein a principal plane of the substrate 1s a (0001 ) plane

and Zn polarity plane.

2. The nitride semiconductor device according to claim 1,
wherein the

first nitride semiconductor layer 1s in contact with the sub-

strate so that the first nitride semiconductor layer has a
substrate side,

and at least said substrate side 1s made up of Al Ga, N

(0.05=y=0.2).

3. The nitride semiconductor device according to claim 2,
wherein a protection film 1s formed on a back surface and
sides of the substrate.

4. The nitride semiconductor device according to claim 2,
wherein the first nitride semiconductor layer 1s formed with a
thickness of 500 to 8,000 Angstroms, at a temperature of 600
to 800° C. by a MOCVD method.

5. The nitride semiconductor device according to claim 2,
wherein the first nitride semiconductor layer has an opposite
side that 1s opposite to the substrate, and wherein the opposite
side 1s formed with a GaN layer or an InGalN-based com-
pound layer.

6. The nitride semiconductor device according to claim 2,
wherein the mask layer 1s formed with a thickness of 200 to
800 nm.

7. The nitride semiconductor device according to claim 2,
wherein portions formed by being separated by the opening
portions 1n the mask layer have widths that are wider at both
ends of the nitride semiconductor device than widths of por-
tions 1nside of the nitride semiconductor device.

8. The nitride semiconductor device according to claim 2,
wherein an n-type layer, an active layer and a p-type layer are
laminated on the second nitride semiconductor layer so as to
form a light emitting layer, thereby forming a semiconductor
light emitting device.

9. A nitride semiconductor light emitting device compris-
ng:

a semiconductor substrate;

a first nitride semiconductor layer provided on the semi-

conductor substrate:
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a mask layer having opening portions, provided on the first

nitride semiconductor layer;

a second nitride semiconductor layer selectively grown on

the mask layer laterally from the opening portions; and
a semiconductor lamination portion formed by laminating
nitride semiconductor layers so as to form a light emiut-
ting layer on the second mitride semiconductor layer,

wherein the mask layer comprises a metal film provided on
the first mtride semiconductor layer and an insulating
film provided on the metal film.

10. The nitride semiconductor light emitting device
according to claim 9, wherein the metal film 1s formed with at
least double layer structure of a first metal film provided on
the first nitride semiconductor layer and a second metal film
provided on the first metal film, and the first metal film 1s
made of a metal which has a melting temperature higher than
a growth temperature of the semiconductor lamination por-
tion and the second metal film 1s made of a metal which

reflects light emitted 1n the light emitting layer.
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11. The nitride semiconductor light emitting device
according to claim 10, wherein the first metal film 1s made of
at least one of W, T1 and Pd, and the second metal film 1s made
of at least one of Al, Ag and Au.

12. The nitnde semiconductor light emitting device
according to claim 9, wherein the first mtride semiconductor
layer comprises a lattice mismatching relaxation layer pro-
vided at the substrate side and crystal layer which acts as
seeds for the second nitride semiconductor layer, provided on
a surface of an opposite side to the substrate.

13. The nitnde semiconductor light emitting device
according to claim 9, wherein widths of portions formed by
being separated by the opening portions in the mask layer are
wider at both ends of the device than widths of portions mnside
of the device.
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